Rat and human ribosomal RNA gene fragments in supercoiled plasmids were examined for SI nuclease hypersensitivity. In the transcribed portion of genes the number and distribution of SI sites were found to be species specific. No SI sites were detected in the promoter regions. In the nontranscribed spacer (NTS), downstream of the 3' end of 28S RNA gene, SI sites appear to be conserved in rat and human rDNAs.
INTRODUCTION
Transcriptionally active chromatin is often, but not always, characterized by the presence of DNAse I and/or SI nuclease hypersensitive sites (SHS) in the 5' or 3' end of genes, transcribed by RNA polymerase II (reviewed in 1) and III (2) . The DNAse I and SI hypersensitive sites in many cases map very close to each other, or are overlapping (3, 4, 5) and the two enzymes may recognize different aspects of the same structure (6) . The SHS detected in chromatin were also detectable in most, but not in all, cases in supercoiled plasmids (3, 6, 7) . In the formation of the nuclease hypersensitive sites in plasmids or in chromatin, DNA conformation changes (7, 8) specific proteins (9, 10) or the torsional stress present in activ chromatin (11) may be involved.
Although the DNAse I and SI sites were often correlated with the expression state of genes, many of them are believed to be involved in processes other than transcription (e.g. 12, 13, 14) .
DNAse I hypersensitive sites in rDNA chromatin, probably correlated with gene activity, have already been detected (15, 16, 17) . To date SHSs in rDNA fragments in supercoiled plasmids only of three Drosophila species have been examined (18) . The conservation of SI sensitivity,that was detected in Drosophila NTS regions that are divergent in sequence.might indicate the conservation of a specific function, this function, however, is not clear (18) .
Neither DNAse I nor SI hypersensitivity of mammalian rDNAs have yet been examined. In the present work rat and human rDNA fragments in supercoiled plasmids were examined for SI hypersensitivity. SHSs in the NTS of the two genes, downstream of the 28S RNA genes seem to be conserved, as in Drosophila (18) . A species specific distribution of SHSs in the transcribed part of the genes was also observed. No SHS were found at or near the promoter regions. The nucleotide sequence of a~3 kb rat NTS 3' end fragment, that contains three SHSs was determined and found to contain a number of different simple repeat sequences. The possible involvement of these sequences in recombination processes is discussed.
MATERIALS AND METHODS

Materials
Restriction endonucleases, SI and Bal31 nuclease were purchased from Bethesda Research Laboratories and were used according to the supplier's recommendation.
Plasmid DNAs were prepared according to the method of Birnboim (19) . E.coli DNA polymerase was supplied by Boehringer-Mannheim, 32 <*-P-dATP by the Institute of Isotopes, Hungary, and the nick translation was made by the method of Rigby (20) . jf-P-ATP and tt-P-dCTP were obtained from Amersham. The DNA sequencing was performed as described by Maxam and Gilbert (21) .
SI nuclease digestion
Plasmid DNAs were digested with SI nuclease essentially as described by Larsen and Weintraub (3) . rDNA clones
The pNHlO, p4.8 and p5.6 rat rDNA EcoRI clones were described previously (22, 23) . Human rDNA clones used in this study were isolated by Wilson et al. (24) .
RESULTS
SI hypersensitive sites in rat rDNA clones
In supercoiled p4.8 plasmid, containing the promoter region and the 3' end of NTS of rat rDNA, three SHSs were detected ( Fig.2A) . In the samples without SI treatment, only the bands expected from the restriction map were seen ( Fig.2A lanes 5, 6) .
The three prominent bands, resulted from the SI digestion indicated the presence of three major SI cutting sites in supercoiled p4.8 plasmid ( Fig.2A lanes 7-14) . Figure 1 . Sturcture of the rat rDNA repeat and map position of clones used in this work A. The pNHIO, pNH8 and pNH5.6 are Novikoff hepatoma rDNA clones and p4.8 and p5.6 are rat liver rDNA clones (22, 23) . From p4.8 the variable region (Vr-hatched box) was deleted to obtain p3. (27) .
Hybridization experiments suggested (28) the presence of type2 Alu repeats in the NTS of the rat rDNA. In the sequenced region two type2 Alu repeats and an ID sequence were found (underlined in Fig.4) . The ID sequence is believed to play a specific role in the transcription or processing of brain--specific mRNAs (29) . The significance of the ID sequence and the Alu repeats in the 3' end of the rat NTS and also in the 5' end of NTS (30) -396 Figure 5 . Localization of SHSs in polypyrimidine tracts A. SI treated p4.8 plasmid was digested with Xbal,and the resulted fragments were electrophoresed in 5% polyacrylamide gel,lane 2. Marker: pBR322 Hinfl fragments, lane 1. The broad bands 120-150 and 280-340 nucleotides long respectively are the results of SI cutting in the 92 and 106 bp polypyrimidine. polypurine tracts in the NTS (sites 2 and 3 in Fig.6) . B. The supercoiled pNH8 plasmid without (lane 1) and with (lane 2) SI treatment, was digested with Sail enzyme. The Sail digestion generated 430 bp long fragments ( indicating that SI cutting occurred in the polypyrimidine cluster at the 5' end of 18S RNA gene (site 5 in Fig.6 ).
rat, and sites 1 and 2 in the human gene were determined experimentally. The presence of SHSs downstream of the 28S RNA gene are predicted in both species (site 8 in rat and site 3 in the human rDNA in Fig.6 ). There are long (100 bp or longer) polypyrimidine.polypurine tracts, containing multiple CT and CCCT repeats in the sequenced 5' end regions of the two mammalian NTSs (30, 31) . Since a (CTK-repeat is sufficient to generate SHS in pBR322 plasmid,we may predict that the rDNA NTS Simple sequences were suggested to have a role in the regulation of rDNA transcription, by influencing the positioning of nucleosomes in rDNA (27) . This effect, however, is not specific for the rDNA chromatin,since simple sequences occur, on the average, once in every 6-8 kb DNA in the eukaryote genome (36) .
Simple sequences are present not only in mammalian rDNA spacers but also in the spacers of the histone gene cluster in sea urchin (37, 38) . They also occur between immunoglobulin genes (39, 40) . There are a number of suggestions that different types of simple sequences are hot spots for recombination (41, 42, 43, 44) . Interestingly these sequences are SI sensitive (42, 44) .
It is tempting to speculate that simple sequences in the spacers of multigene families are involved in recombination processe (as hot spots). Simple sequences may allow localized exchange between members of multigene families, localized on homologous or on nonhomologous chromosomes (43) 
